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460a Tuesday, March 8, 2011qPCR was ~39, 50 and 10%, respectively. Each siRNA decreased its corre-
sponding VDAC mRNA by ~90% without affecting other isoforms. After
VDAC1/2/3 knockdown, TMRM fluorescence was 58, 41 and 21%, respec-
tively, compared to 100% after non-target siRNA. In control cells, Ncz de-
creased TMRM fluorescence by 70%, and Ptx increased fluorescence by
51%. After knockdown of VDAC1/2/3, Ncz decreased TMRM fluorescence
by 25, 22 and 9%, respectively, whereas Ptx increased fluorescence by 26,
28, and 27% . CONCLUSION: Each of the three VDAC isoforms contributes
to maintenance of DJ in HepG2 cells. After knockdown, the relative response
to changes of free tubulin was attenuated. These results are consistent with the
conclusion that free tubulin dynamically regulates DJ in HepG2 cells by inter-
acting with VDAC.
2492-Pos Board B478
Aldehyde Products of Ethanol Oxidation and Oxidative Stress Suppress
Ureagenic but not Basal Respiration of Cultured Hepatocytes
Ekhson L. Holmuhamedov, Greg Lovelace, John J. Lemasters.
BACKGROUND: Recently we demonstrated that ethanol suppresses urea-
genic respiration of cultured hepatocytes (Biophys. J. 2008; 94:535a). Our
AIM here was to determine the roles of acetaldehyde (AcAld), a toxic inter-
mediate of ethanol oxidation, malondialdehyde (MDA) and 4-hydroxynone-
nal (4-HNE), the aldehyde products of lipid peroxidation, in suppression of
ureagenesis. METHODS: Overnight cultured hepatocytes were treated with
ureagenic substrates (in mM: 3 NH4Cl, 5 L-ornithine, 5 Na-lactate) in the
presence and absence of AcAld (0-1000 mM), MDA (0-1000 mM) and
4-HNE (0-1000 mM). To prevent evaporation of volatile aldehydes, KRH
was covered with mineral oil. Respiration was measured with a Seahorse
XF24 Extracellular Flux Analyzer, and aldehyde concentration determined
from NADH reduction in ALDH reaction. RESULTS: Addition of ureagenic
substrates nearly doubled respiration of hepatocytes. Ethanol (0 - 200 mM)
dose dependently inhibited ureagenic respiration of hepatocytes by up to
50%. Inhibition of ADH, cytochrome P4502E1 and catalase with 4-methyl-
pyrazole, trans-dichloroethylene and 3-amino-1,2,4-triazole, respectively,
partially abrogated the inhibitory effect of ethanol. By contrast, ALDH inhi-
bition with phenethyl isothiocyanate (PITC, 10 mM), augmented ethanol-
suppressed ureagenic respiration by an extra 32%, although PITC by itself
had no effect. When added directly, AcAld, MDA and 4-HNE, dose-
dependently suppressed ureagenic respiration with an apparent Ki from Dixon
plots of 200, 5 and 80 mM, respectively. AcAld and 4-HNE, but not MDA,
inhibited uncoupled (150 mM of 2,4-dinitrophenol) but not basal respiration
of hepatocytes. CONCLUSIONS: 1) Suppression of ureagenic respiration
by ethanol is mediated by acetaldehyde, the major intermediate of ethanol
oxidation. 2) Malondialdehyde and 4-hydroxynonenal, aldehydes generated
during lipid peroxidation, also suppress ureagenic respiration of cultured he-
patocytes. Based on our earlier work (ABB 2009;481:226-233), these
aldehyde-dependent changes may be the consequence of closure of voltage
dependent anion channels (VDAC).
2493-Pos Board B479
Homeostasis of Mitochondrial Calcium in Alcoholic Liver Diseases
Guoqiang Wang, Andrew P. Thomas, Lawrence D. Gaspers.
The production of reactive oxygen species (ROS) and oxidative stress are
thought to be important pathological factors in onset and development of alco-
holic liver diseases (ALD). Elevated level of ROS has previously been shown
to alter calcium homeostasis by changing the activity of calcium-release and
calcium-uptake mechanisms in the ER and mitochondria. In these studies,
we investigated the effects of chronic ethanol consumption on calcium content
and calcium handling in the mitochondria. Hepatocytes from ethanol-fed and
their paired-fed littermates were cultured in the absence of alcohol for 1 to
18 hrs then loaded with fura-2/AM. Cells were washed into calcium free buffer
then treated with the mitochondrial uncoupler, carbonyl cyanide-p-
trifluoromethoxyphenylhydrazone (FCCP), plus oligomycin, an inhibitor of
F1FO-ATPase, to induce calcium release from mitochondrial matrix. The re-
sultant increase in cytosolic calcium was measured with fura-2. The data
show that FCCP-induces more calcium release in hepatocytes isolated from
alcohol-fed rats compared to controls. The differences in FCCP-releasable cal-
cium content was observed in both overnight-cultured cells and in freshly
plated hepatocytes suggesting that chronic alcohol exposure causes a long last-
ing increase mitochondrial matrix calcium levels. The rates of mitochondrial
calcium-uptake and efflux were determined in fresh-isolated and digitonin-
permeabilized cells using extramitochondrial fura-6 FF free acid. The data in-
dicate that the rates of mitochondrial calcium uptake were significantly faster in
alcoholics compared to controls. The rates of mitochondrial calcium efflux
were not significantly different when the matrix calcium content was normal-
ized between control and alcoholics. These data indicate that long-term alcoholexposure induces adaptive changes in the mitochondrial calcium-uptake mech-
anisms that lead to chronically elevated levels of calcium in the mitochondrial
matrix. This adaptive process is predicted to increase mitochondrial ROS pro-
duction and thereby contribute to the pathogenesis of ALD.
2494-Pos Board B480
A Novel Assay of Muscle Energy Dynamics in Mechanically Loaded
Enzymatically Isolated Adult Mammalian Skeletal Myocytes
Ramzi J. Khairallah, Benjamin L. Prosser, W. Jonathan Lederer,
Christopher W. Ward.
Current methods and tools available to study bioenergetics in adult mammalian
skeletal muscle are mostly limited to whole organ or fiber bundle preparations.
However, single cell preparations remain attractive for studying mechanics and
bioenergetics, because they are free from connective tissue and endothelium,
allow for consistent and uniform oxygen and substrate availability and can
be investigated using real-time imaging methods at high temporal and spatial
resolution. The majority of research on single muscle cells is conducted in me-
chanically unloaded conditions in which the rate of ATP consumption is low.
ATP production is generally matched to consumption and due to both cytosolic
glycolysis and mitochondrial oxidative phosphorylation.
Investigations of mechanically loaded muscle cells that may consume ATP at
"normal" rates provide us with a preparation that enables us to explore issues
related to mitochondrial function, ROS production as will as functional Ca2þ
signaling and contractile performance. However, doing experiments with me-
chanically loaded single cells requires technically challenging manually dissec-
tion methods. We have recently developed an improvement that enables us to
use enzymatically dissociated skeletal myocytes. Using MyoTak, a tenacious
biological adhesive, we have been able to attach dissociated skeletal myocytes
to both force transducer and length controller units. The myocytes thus pre-
pared can be readily imaged using an inverted microscope fluorescence imag-
ing system in confocal, widefield and multiphoton systems. We will show
results that use this system to examine the force produced in enzymatically iso-
lated mammalian skeletal myocytes with isometric contractions elicited by
field stimulation, NADPH auto-fluorescence, ROS (reactive oxygen species)
production during contraction.
2495-Pos Board B481
Mechanism of Reactive Oxygen Species Generation in Cardiac
Mitochondria a Computational Approach
Rashmi Kumar, M. Saleet Jafri.
The generation of mitochondrial reactive oxygen species (ROS) across the
electron transport chain has been implicated in various diseases like aging, di-
abetes, neurodegenerative diseases and cellular injury during ischemia reperfu-
sion. To better understand the regulation of ROS production, we present
a mechanistic model of ROS production based on principles of reaction kinet-
ics. The mathematical model includes a sequential process of ROS generation
through various reaction intermediates. The model describes the redox reac-
tions occurring at protein complexes I, III and IV that involve transfer of elec-
trons across the respiratory complexes and is coupled to translocation of
protons from the matrix space to the inner mitochondrial membrane. The steady
state production of superoxide anion (O2
.- ) by complex I and III is based on
chemical kinetics model of electron transfer from NADH to cytochrome c1
through various intermediates. The electron transport system fluxes for com-
plex IV is based on thermodynamically balanced biophysical model described
by Beard et.al. The components of TCA cycle and mechanisms controlling
Ca2þ regulation in cardiac energy metabolism is based on model proposed
by Jafri et.al. The computational model reproduces qualitatively the experi-
mental data on rate of superoxide production by complex I and it is observed
that rate of O2
.- is directly proportional to the complex I and O2 concentrations.
The model simulates changes in mitochondrial rate of O2
.- production with re-
spect to mitochondrial membrane potential in complex III and suggests that
there is a significant rise in production of O2
.- radical with increase in mem-
brane potential through an increase in the relative concentration of ubisemiqui-
none forms. Additional studies explore how ROS production is regulated by
other physiological and pathological conditions.
2496-Pos Board B482
Calcium Activation of Oxidative Phosphorylation in Skeletal Muscle
Mitochondria
Brian Glancy, Robert S. Balaban.
Skeletal muscle work rate can rise ~100-fold above rest. Thus, the ability of
myocytes to maintain homeostasis is severely challenged during exercise.
This challenge may be partially met through calcium activation of both energy
supply and demand. This study focused on energy supply by examining cal-
cium activation of oxidative phosphorylation in skeletal muscle mitochondria.
Mitochondrial membrane potential (DJ), NAD/NADH ratio, and cytosolic
Tuesday, March 8, 2011 461aphosphorylation potential (DGATP) were measured at anoxia, resting (State 4),
intermediate, and maximal (State 3) respiration, in isolated porcine skeletal
muscle mitochondria. Intermediate respiration was elicited with a creatine ki-
nase energetic clamp to set the PCr/Cr ratio, and thus, ATP/ADP ratio. All mea-
surements were made with glutamateþmalate in calcium-depleted
mitochondria. State 3 and 4 NADH increased linearly with varying calcium
(17 - 31% and 50 - 67% reduced for State 3 and 4, respectively), as did State
3 respiration (204 - 420 nmol O2/min/nmol cytochrome a,a3). State 4 respira-
tion increased slightly (31 - 45 nmol O2/min/nmol cytochrome a,a3), and there
was no correlation with State 3 or 4 DJ and calcium. For PCr/Cr ratios of 0.5 -
2.0, respiration ranged from 1/3 - 2/3 of State 3, changing linearly with DJ,
NAD/NADH, DGATP, NAD/NADH-DJ, NAD/NADH-DGATP, and DJ-
DGATP. The slopes of these relationships (conductances) increased 1.7 - 2.8-
fold with calcium, and NADH (32 - 45% reduced vs. 60 - 73% reduced) and
DJ (189 to193 mV vs.197 to203 mV) also increased. Finally, calcium
added at anoxia resulted in a ~35% increase in NADH reduction level. These
data suggest that calcium increases NADH production and conductances of
the cytochrome chain and/or ATP production/transport. This balanced activa-
tion of oxidative phosphorylation supports a six-fold increase in flux (State 4
to PCr/Cr=0.5) while maintaining NAD/NADH and DJ at near resting values.
2497-Pos Board B483
Spectral Characterization of Mitochondrial Cytochrome Redox States and
Identification of Crossover Points within the Electron Transport Chain
David J. Chess, Robert S. Balaban.
As we begin to appreciate the complexity of respiratory control within the mi-
tochondrion, we find it apparent that simultaneous monitoring of all respiratory
complexes is required to effectively evaluate the system. Towards this goal, we
developed a spectrophotometric technique utilizing a center-mounted sample in
an integrating sphere to minimize the effects of scattering in turbid mitochon-
drial suspensions. With adequate signal to noise to collect spectra every 100
milliseconds spanning 400 to 700 nm, this system allows us to acquire absor-
bance data of all cytochromes in porcine heart mitochondria (1 nmol cyt a/
mL) simultaneously with redundant measurements in both the alpha and soret
regions. Spectra were analyzed using a least squares fitting routine with model
optical spectra of electron-transfer components (flavin adenine dinucleotide
and cyt bH,bL, c1, c, and a). The redox state of cyt a was found to correlate lin-
early with oxygen consumption rate. Surprisingly, a redox crossover event be-
tween cyt b (more oxidized) and cyt c (more reduced) was observed during the
state 4 to 3 transition rather than the more commonly-observed crossover be-
tween cyt c and a. Furthermore, this crossover between cyt b and c was depen-
dent on matrix Ca2þ. In Ca2þ-depleted mitochondria, the overall respiratory
rate was lower and the crossover occurred between cyt c and a. Upon replen-
ishment of matrix Ca2þ, the crossover shifted back to cyt b and c, concomitant
with a two- to three-fold enhancement of state 3 respiratory rate. These data
demonstrate the feasibility of monitoring the entire redox chain in intact mito-
chondria and provide the first evidence that Ca2þ, in addition to its known ef-
fects on matrix dehydrogenases and Complex V, may alter the relationship
between redox state and electron flux within Complex III.
2498-Pos Board B484
Sodium Effects on Calcium Dynamics in Mitochondrial ion Circuits
An-Chi Wei, Ting Liu, Sonia Cortassa, Raimond Winslow, Brian O’Rourke.
Mitochondrial Ca2þ is modulated by the mitochondrial Ca2þ uniporter(mCU)
and the mitochondrial Naþ/Ca2þ exchanger(mNCE) to influence NADH pro-
duction through Ca2þ-sensitive dehydrogenases. Alterations in cytosolic Naþ
will significantly impact the rate of mitochondrial Ca2þ accumulation by
changing the driving force for Ca2þ efflux through mNCE when the amplitude
or frequency of the cytosolic Ca2þ transient changes. In the present study,
a protocol to selectively measure Ca2þ influx and efflux rates from guinea
pig heart mitochondria was developed by utilizing an extra-mitochondrial
Ca2þ indicator(CaGreen) and the inhibitors Ru360 and CGP-37157, while
varying extramitochondrial free Ca2þ from 2 to 20mM, and extramitochondrial
Naþ from 0 to 60mM. The extra-mitochondrial Ca2þ, mitochondrial mem-
brane potential, NADH, and mitochondrial volume were monitored simulta-
neously using a wavelength scanning fluorometer. Maximal mCU velocity
with efflux blocked by either CGP or 0mM Naþ varied as a function of extra-
mitochondrial Ca2þ (0.5 nmol/mg/sec with a pulse of 15uM free Ca2þ) while
Ca2þ efflux rates initiated by addition of Ru360 after Ca2þ uptake varied as
a function of Naþ, increasing from 0.02 to 0.07 nmol/mg/sec from 5 to 15
mM Naþ and then paradoxically decreasing at extramitochondrial Naþ of
30mM. The biphasic Naþ effect was hypothesized to be the result of high
Naþ exceeds the capacity of the proton pumps to support the Naþ extrusion
coupled to Naþ/Hþ exchange. To test this hypothesis, the measured calcium
rates were incorporated into our isolated mitochondria computational modeland a single calcium pulse was simulated in a closed compartment under varied
sodium concentrations as in the cuvette conditions. The simulations showed
that Naþ/Hþ exchange rate and proton pump rate decrease at high sodium con-
centrations, which verify the hypothesis. The study supports Naþ playing a reg-
ulatory role in mitochondria Ca2þ through coupled mitochondrial ion circuits.
2499-Pos Board B485
Increases in Extra-Matrix Mg2þ Inhibit Ca2þ Uptake via the Ca2þ-
Uniporter but do not Acutely Alter State 3 Respiration
Age D. Boelens, Amadou K.S. Camara, Ranjan K. Dash, Ranjan K. Pradhan,
Oluwatosin Thompson, David F. Stowe.
Magnesium is essential for all energy-dependent transport systems, glycolysis,
and oxidative energy metabolism. In addition, Mg2þ binds to ADP and ATP,
regulating their availability. It also controls matrix free Ca2þ concentration
(m[Ca2þ]) through its inhibitory effect on the mitochondrial Ca2þ-uniporter.
Here we investigated the interplay between Ca2þ and Mg2þ and their roles
in regulating mitochondrial bioenergetics. Mitochondria from guinea pig hearts
were isolated by differential centrifugation, incubated with fluorescent dyes
indo-1-AM for m[Ca2þ], furaptra-AM for m[Mg2þ], or DMSO. Ca2þ-uptake
in mitochondria, which were suspended in respiration buffer containing
EGTA, 0, 0.5 or 2 mM MgCl2, and 0.5 mM pyruvic acid, was measured in re-
sponse to 0, 0.25 and 0.50 mM CaCl2. In separate experiments Mg
2þ uptake
was measured after adding 0, 0.5 and 2 mM MgCl2. O2 consumption was mea-
sured using a Clark-2 O2-electrode during states 2 through 4 respiration, i.e. be-
fore, during and after adding 250 mM ADP. Addition of MgCl2 to the buffer
inhibited Ca2þ-uptake in a dose-dependent manner. 0.25 mM CaCl2 increased
m[Ca2þ] from 59 nM to 325, 131 and 93 nM Ca2þ in the 0, 0.5 and 2 mM
MgCl2 groups, respectively, whereas 0.50 mM CaCl2 increased m[Ca
2þ] to
1045, 360 and 279 nM, respectively. Adding 0.5 mM MgCl2 did not increase
m[Mg2þ], but 2 mM MgCl2 increased m[Mg
2þ] slowly from 0.35 to 0.55
mM over ten minutes. State 3 respiration was not different among the three
MgCl2 groups, but state 4 was faster with MgCl2 present. We conclude that
the inhibitory effect of extra-matrix Mg2þ on Ca2þ-uptake is close to maximum
in the low range of normal cytosolic [Mg2þ], and that mitochondrial Mg2þ in-
flux by itself is not fast enough to acutely modulate state 3 respiration.
2500-Pos Board B486
Differential Decreases in Respiratory Complex I and II Expression and
Activity after Cardiac Ischemia and Reperfusion and Modulation by
Mitochondria-Targeted Therapy
Ashish K. Gadicherla, David Nielsen, Amadou K.S. Camara, Meiying Yang,
Martin Bienengraeber, James S. Heisner, David F. Stowe.
Mitochondrial respiratory complexes are variably susceptible to structural and
functional changes during ischemia reperfusion injury (IR). Complex I may be
most susceptible to IR and complex II (SQR), both an electron donor and
TCAcycle intermediate, relatively less susceptible.We tested for differential ex-
pression and activities of complexes I and II during IR þ/- a mitochondria-
targeted therapy (MTT). Guinea pig hearts were exposed to one of 5 protocols:
40min time control (TC), 30min global ischemia (I30), 30min ischemiawith 10
min reperfusion (IR10), and 10 mM ranolazine (Ran), as aMTT, given 1 min be-
fore I30 (RanþI30) or IR (RanþIR10). Mitochondria were isolated and assayed
for complex I (Ndufa9) and complex II (FP) protein expression (western blot-
ting), or complex I and II enzyme activities (absorbance spectrophotometry) af-
ter hypotonic freeze-thaw rupture. Complex I expression at I30 and activity at
I30 and IR10 were markedly decreased; Ran treatment nearly restored complex
I expression and activity after I30 and IR10. Complex II expression was not al-
tered by I or IR,þ/- Ran, complex II activity was decreased less than in complex
I, and Ran increased activity only with I30. Differences in complex I and II ex-
pression and activities may result frommore deleterious post-translational mod-
ifications triggered by I and IR in complex I than II. A more compromised
function in complex I may reduce forward electron flux to complex II, allowing
increased electron flux from succinate to ubiquinone because of less compro-
mised SQR activity. Further studies will ascertain the mechanism behind the
greater functional impairment of complex I vs. complex II after IR and the partial
restoration of complex I and II activity by Ran, a known cardioprotective drug.
2501-Pos Board B487
Glucose Provides Short-Term Protection to Mitochondria in Rat
Ventricular Cardiac Myocytes
Dushon DeVere Riley, Aristide C. Chikando, W. Jonathan Lederer.
Cellular ATP production depends on glycolytic and oxidative phosphorylation
pathways and hence on both cytosolic and mitochondrial reactions. Mitochon-
drial ATP generation depends on the enormous potential across the inner mito-
chondrial membrane (aJmito ~ 180 mV), among many other factors. Using
tetra-methyl rhodamine methyl ester (TMRM) as a fluorescence monitor of aJ
mito we examined how the time-dependent and illumination-dependent
